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SUMMARY

Twomodelseachutilizinga scoop-inletlocatedat themaximwn-body-
diameterstationoperatingatmass-flowratiosfrom0.76to 0.96have
beenflight-tested’atan angleofattackofapproximately0° overa Mach
nmnberrangefrom0.8to 1.8, anda Reynoldsnumberrangefrom2 x 1,06to
7 x 106basedonbodymaxhmmdismeter.Oneof thescoopinletshada
circularcrosssectionwitha boundary-layerdiverter.Theotherscoop
inlethada semicircularcrosssectionwrappedpartlyaroundthebody
witha boundary-layersplitterplateaheadof theinlet.

~ere,wasno significantdifferencebetweenthetotal-pressure
recoveryatthetopandbottomof theductofthetwoscoop-inletmodels
exceptfQrthesemicircularscoop-inletmodelbelowhk+chnuniber1.3. For
thisinletthetotal-pressurerecoveryat thetipoftheductwasgreater
thanthatforthebottomoftheduct.Themeantotal-pressurerecovery
forthesemicircularscoop-inletmodelswaslesstx
inletmodelthroughouttheMachnumberrange.

TheexternaldragcoefficientsaboveMachnumber
forthe@o scoop-inletmodels.BetweenMachnumbers’
externaldragcoefficientofthecircularscoop-inlet
thanthatofthesemicircularscoop-inletmodel.The

‘tiecircularscoop-
● .. P

1.3wereidentical.
1.0and1.3, the
modelwashigher
externaidragcoef-

ficientsforthescoop-inletmodelswerehigherthanthedragcoefficients
forthebasicconductedmodelthroughouttheMachn~be: r~,~$ed. - .~
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INTRODUCTION

Thetotal-pressurerecoveryofan airinletandtheeffectofits
installationontiedragof theconfigurationaretwohportantconsid-
erationsinvolved-intheselectionofa@ticular inletconfi@ration.
A scoop-imletconfigurationhasbecomeimportantsincethenoseofair-
planesandmissileshasbecomemorein demandforelectronicand
srmsmentpurposes.Thisinvestigationwasconductedto determinesome
oftheeffectsofa circularanda wraparoundsemicircularscoopinlet
locatedatthemadmnm-body-dismetirstation.Themxcbnumdiameterwas
chosentominimizetheductingtoa theoreticalenginein therearof
theconfiguration.

Thescoop-inletconfigurationshavebeenflight-testedusingrocket-
propelledmodelsinfreeflightatan-angleofattackofapproximately0°
by thePilotlessAircraftResearchDivisionoftheIangleyAeronautical
Laboratory.Theresultsofthesetestsarepresentedhereinintheform
ofexternaldragcoefficientsandtotal-pressurerecoveriesovera range
ofMachnmbersfrom0.8to1.8. Thedragofthebasicparabolicbody
fromreference1 isalsoincludedforcomparison.

SYMBOLS ‘

A

4

CD

*8
D

z

M

P :Sia,.

area

inletcapturearea(forcircularscoop
forsemicirctiarscoopi~et,0.M98

dragcoefficient, D
$OV02AF

totalbodylength

Machnumber

staticpressure
*- a

Pt tagnationpressure..=-.& X@

P~‘ total-headpressuremeasuredby a
measuringstation

~et, 0.0506sqft;
Sqft)

total-headtubeat duct

‘- 1
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‘tjd - man ducttotalpressure

~
~v2dynamicpressure,z

R Reynoldsnumber,basedon bodymaximumdiameter

r radius

v velocity

w/w. ratioofmassflowofairthroughducttomassflowofair
througha free-stre’amtubeofareaequaltoinletcapturearea

x longitudinaldistance

7 ratioof specificheats,1.40forah

P ‘. airde&ity

Subscripts:

d ductmeasuringstation

e exit

F - frontal

o freestresm

ext external

int internal.

MODELS

Thegeneralarrangementsofthetwoinletmodelsareshowninfigure1
andthebasicandinletbodycoordinatesarelistedintable1. Thebody
ofeachofthemodelswasconstructedfrommahoganyandhadfinenessratios
of3.6, 2.0, and-5.3fortheparabolicnose,cylindricalcentersection,
andparabolictiterbody,respectively.Thebasicbodyfromreference1
consistedofa parabolicnosewitha finenessratioof3.6 anda parabolic
afterbodywitha finenessratioof5.8. Themodelsweres~bilizedby four
600deltafinsas showninfigure1.

Exceptfortheinlets,internalducting,andtheinletexternal
fairingto station43.30,thetwoinletmodelswereidentical.Boththe

— . ..-— —-. . . — ———- —---- ——.— .——.— .—. —— —-– -. —
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scoopinletswerelocatedatthemaximmh-body-diameterstationandwere
designedtohavean”inletcaptureareaofabout19percentofthebody
frontalmea. Theinletandductingdetailsareshowninfigure2.

Oneoftheinletmodelshada scoopinletwitha circularcrosssec-
tionswept6°”andutilizedaboundary-1.ayerdiverter1/4inchhighhaving
a totaldivergenceangleof450. T& captureareaof0.0506squarefoot
wasdefinedby theinletlips. Therewasan internalcontractionof0.847.
Theotherinletmodelhada scoopinlet]witha semicircularcrosssection
wrappedaroundthebody. Thisinlethada boundary-layersplitterplate
~ inchhighandextending1~ inches
4

forwardoftheinlet.Thecapture

areaof thisinletwasdefinedas theprojectedfrontalareaofthe
leadingedgeoftheinletlipsandboundary-layersplitterplate.There
wasa 6°angleonthesplitterplatewhichproducedsomeexternalcom-
pression.Thisinlethadno internalcontraction.Theratiosofinlet
areato duct-measuring-stationareaforthecircularandsemicircular
scoop-inletmodelswereO.~ and0.438,respectively.Theexit~ea
was,about15percentlessthan”theinletsxeaforboththescoop-inlet
models.Thisexitareawassoselectedthattheinletwouldoperateat
slightlylessthanmxdmummassflow.At thesemassflowsthespillage
dragwouldbe neartheminimumwhilet~ pressurerecoverywouldbe
nearthemaxhum.

Photographsofthemodels,showingthegeneralarrangementand
inletcloseup,arepresentedas figures3(a)and(b). Thephotographof
thetypicalmodel-boosterarrangementispresentedasfigure3(c).Fig-
ure4 presentstheareadistributionasa functionofthelongituUnal
distance.Thecross-sectionalareadistributionofthetwoscoop-inlet
nnlel.sandthebasicbodyarepresentedinfigure4(a). Infigure4(b)
theareadistributionoftheductperpendiculartotheductcenterline
ispresentedforbothscoop-inletmodels.

TESTANDINSTRUMENMTION

Allmodelswerepropelled@ nmcimumMachnuniberby a single-booster,
6-inchABLMacon rocketmotor,equippedwithfourstabi~zing.fins, The
modelswerelaunchedatanelevationangleof 60°andfolloweda zero-
lifttiajectoryatapproximately0° angleofattack.Thevariationof
changeofReynoldsnumberwithMachnumberis showninfigure5. The
testswereconductedat theLangleyPilotlessAircraftResearchStation
atWall.6psIsland,Va. /

/
Total-dragdatawereobtain+duringthedeceleratingportionof the

flight,afterdragseparationofthebooster.Ccmputitionswerebasedon
theCWDopplerradarveloci~measurements(correctedforflight-path
curvatureandwindsaloft),theNACAmo’difiedSCR-584radartrajectory

-—— ~— . .. _-— —_
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measurements,andradiosondeatmosphericmeasurements.DelXZL1.softhe
methodof computationarepresentedinreference2.

A four-channeltelemeterwasusedtomakethemeasurementsto deter-
minetheinternalflowcharacteristics.Thefourpressureswhichwere
measuredcontinuouslyduringtheflightwerethelowerandupperduct
totalpressures,thefourmanifoldedductstaticpressures,andtheexit
staticpressure.Thelowerandupperducttotalpressuresweremeasured
differentiallytoimprovethecmparableaccuracy.‘lhearrangementsof
theductpressuretubesareshowninfigure2. Theexitstaticpressure
wasmeasuredat theendoftheconstant-areasectionoftheconvergent
insertoftheexit. Thisconvergentinsertwasmadecylindricalfor
1.05exitdiametersaheadoftheexittoaidinprovidinguniformstatic
pressureattheexit.A fairlylargecontractionratioof 3.2to1 from
thestationjustrearward oftheductmeasuringstationtotheetit
assuredsonicratherthansupersonicexitvelocitiesat supersonicspeeds
andhelpedtoprovideuniformtotalpressure

DATAREDUCTION

Themass-flowratio WCLScalculatedfrom
exitstaticpressureandan exitMachnumber
‘t,e= pd, that is,a total.pressurelossof

stationtotheexit. Thisassumptionofa 1

at.theexit.-

the measuredvalueofthe
obtainedby assuming
1 “q”,fromtheductmeasuring

“q”totalpressurelosswas
checkedat supersonicspeedswheretheexitMachnumberwas’sonicad was
foundtobewell.withintheest~ted accuracies.Themeanducttotal-
pressurerecoverywascalculatedfromtheductstatic-pressuremeasurements
andtheaverageductMachnumberobtainedfromthecontinui~relationship
betweentheductmeasuringstationandtheexit.

Theinternaldragwasobtainedby applyingthemomemku&eqmtion
betweenthefreestreamaheadofthemodelandtheductexit:

At s@sonicspeedswhentheexitwasno longersonic,theinternaldrag
wasassumedconstantat thevalueat ~ = 1.0,as donein”reference3.

Theexternsldragis definedhereinasthesumof thedragwise
componentsof theaerodynamicpressureandviscousforcesactingonthe
@rnal surfacesofthemodelplus,thescoopincrementaldrag,as
definedinreference4. Scoopincrementaldragisthealgebraicsumof

. ..— -. ..—— -—— -——— ———- -—-—-— —. ———
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thepressuredragontheenteringstresmtubeand
dragsonthatportionofthebody(ifany)wetted
Theexternaldragwasobtainedby subtractingthe
totaldragdeterminedfromthe.Dopplerradar.

the pressure~d viscous
by theenteringflow.
internaldragfromthe

Fromtheconsiderationoftheaccuraciesofthemeasurements,the
methodofdatareduction,andthepreviousexperiencewithductedmodels,
thedataareestimatedtobe accuratewithinthefollowinglimitsthrough-
outthe~ch numberrange:

Pd‘ ‘tjdA—
%,o

and A — . . . . . . . . . . . . . . . . . . . . . ..t’oool
%, o

A ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..tO.01

~Deti . . . . . . . . . . . . . . . . . . . . . . . . . . . . .tO.01

% . . . . . ” . . . . -...”...” “....””..”.”~”ol

RESULTSANDDISCUSSION

Thetotal-pressurerecovery,mass-flowratio,andinternsldrag
coefficientarepresentedinfigure6 asa functionofMachnmber for
bothsccmp-inletmodels.Forthecircularscoop-inletmodels(fig.6(a)),
therewasno significantdifferencebetweentherecoveriesmeasuredby
theupperandlowertotal-pressuretubes.Themeantotal-pressure
recoverycalculatedfrantheductstaticpressurewasas’highas or
higherthantheindividualtukemeasurementsthroughouttheMachnumber
range.

Forthesemicircularscoop-bletmodel(fig.6(b)),belowMachnun-
ber1.3,therecoverymeasuredby theuppertotal-pressuretubewas
7 percentgreaterthanthatmeasuredby thelowertotal-pressuretube.
AthigherMachnunibersthistrendwasreversed,untilat M. = 1.7 the
uppertotal-pressuretubemeasureda recoveryabout3 percentlessthan
thelowertube. Thismightbe expectedwhenthegeometryoftheinlet
isconsidered.For M > 1.4,theshocksystemassociatedwiththesemi-

, circularscoopis suchthattheairenteringtheupperportionofthe
inletpassedthrougha singlestrongshock,whiletheairenteringthe
lowerportionof theductpassedthroughan obliqueshockbeforepassing
throughthestrongshock.However,themeantotal-pressurerecoverycal-
culatedfromtheductstaticpressureagreeswell.withtheaverageof the
twoindividualtubemeasurementsthroughouttheMachnumber“range.

—— .——. —.— _
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Figure7 presentsthecomparisonasa functionofMachnumberbetween
themeantotal-pressurerecoveriesforbothscoop-inletmodelswiththe
free-streamnormal-shockrecovery.Themeantotal-pressurerecoveryfor
thecircylarscoop-inletmodelshowedappro~tely a constantdiffuser
lossofabout4 percentfromfree-streamnormal-shockrecoveryoverthe
lowerportionoftheMachnumberrange.!Ihisindicatesthereisno sig-
nificantboundsry-1.ayerproblemwiththistypeofinlet.At thehigher
Machnumbers,thelossesarescmewhatgreater.Thismaybe causedby the
localsuperstresmMachnumberaheadoftheinletbeingincreasedbecause
of theparabolicforebody.

Thesemicircularscoop-inletmodelhada lowermeantotal-pressme
recoverythanthecircularscoop-inletmodelovertheMachnumberrange. ‘
Thelossintotal-pressurerecoveryfromfree-stieamnormalshockwasnot
constant.AtMachnmibernear1.0,thetotal-pressurerecoveryforthe
semicircularscoop-inletmodelwasabout3 percentbelowthecircular
scoop-inletmodel.‘Ibisshowsa higherdiffuserlossfortisemicircular
scoopinlet.As theMachnumberis increasedtonearMachnumber1.4,the
pressurerecoveryofthesemicircularscoop-imletmodelis1 percentbelow
thatofthecircularscoop-inletmodel.Thedecreaseofthedifferencein
pressurerecoverybetweenthetwoscoop-inletmodelswaspossiblydueto
thehprovementoftheinlet-shockpatternas theresultofthe6°splitter
plateusedon thesemicircularscoopinlet.At thehigherMachnumbers,
thedifferenceinpressurerecoverybetweenthetwoinletmQdelsincreased
to5 percent.

Figure8 presentsthecomparisonasa functionofMachnumberbetween
theexternaldragcoefficientforthetwoscoop-inletmodelswiththedrag
coefficientforthebasicnonductedmodel(fineness-ratio-3.6nose)of
reference1. Thisdragcoefficientofthebasicbodyispresentedas the
totalminusbasedragcoefficient(“bothfromref.1)plusa skin-friction-
dragcorrectiondetenqinedfromreference5 forthefineness-ratio-2
cylindricalsectionoftheinletmodels.

TheexternaldragcoefficientsaboveMachnumber1.3 wereidentical
forthetwoscoop-inletmodels.BelowMachnmiber1.3,thedifferencein
theexternaldragincreasedwiththecircularscoop-inletmodelhavingthe
higherdrag. Thessmeresultswerealsofoundbetweenthecircularand
semicirc~arscoop-ifietmodelsofreference6.

Theexternaldragcoefficientoftheinletmodelswasabout~ per-
centgreaterthanthebasic-bodydragcoefficientaboveMachnumber1.3.
Themajorportionofthisdragdifferenceisprobablycomposedofthedrag
associatedwiththefairingofthescoopintothebody. Thescoopincre-
mentaldragalsoaccountsforsomeofthedragdifference.An improvement
in dragwouldbe expectedby locatingtheinletforwardofthepresent
madmum-diameterlocation.Inreferences7 and8, the installationofa
scoopinletwellforwardonthebodjresultedinno significantdifference

. .—— —— — —— -—



——. ——. . .— -. —
\ .

8 NACARM L55H22a

in dragas compsredwiththedragofthebow alone.Movingtheinlet
forwardwillalsoimprovetheinletmass-flowratioandtotal-pressure
recovery.At thisinletlocation,thelocalMachnumberduetothepsra-
bo13.cforebodywouldbe less.

Thesubsoniclevelofthecircularscoop-inletmodelwas47percent
greaterthanthebasicbody. Thisdragdifferencewasgreaterthanthe
increaseinskin-frictiondragassociatedwiththelargerwettedarea.
Thisincreaseovertheskin-ffiction-dragclifferenceisbelievedtobe
interferenceeffectsoftheinletandductinginstallation.A similar
effectfora circularscoopinletisshowninreference6.

CONCLUSIONS

Twomodelswitha scoopinletlocatedatthemximum-body.-diameter
stationandemployinga boundary-layerbypassweretestedovera range
ofmass-flowratiosfrom0.76to0.96andMachnmbersfrom0.8to1.8
at zeroangleofattack.Oneofthescoopshada’circularcrosssection
whiletheotherhada semicircularcrosssectionwrappedaroundthebody.
Theresultsofthesetestsandcmpsrisonwithpreviouslypublisheddata
indicatethefollowingconclusions:

1.Forthesemicircularscoop-inletmodel,thetotal-pressure
recoveryatthetopoftheductwasabout7 percentgreaterthanthatat
thebottomoftheductbelowMachnuniber1.3whereastherewasno signif-
icantdifferencebetweentherecoveriesforthecircularscoop-inlet
model.

2. Themean total-pressurerecoveryforthesemicircularscoop-inlet
modelwaslessthanthecirculsrscoop-inletmodel,throughouttheMach
numiberrange.

3. TheexternaldragcoefficientsaboveMachnumber1.3wereidenti-
calforthetwoscoop-inletmodeis.BetweenMachnumbers1.0and1.3,
theexternaldragcoefficientofthecircularscoop-inletmodelwashigher
thanthatofthesemicircularscoop-inletmodel.

4. Theexternaldragcoefficientofthescoop-inletmodelswasabout
34percentgreaterthanthebasic-bodydragcoefficientaboveMachnum-
ber1.3.

,.—. —. —.. — ———.
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5. Thesubsonicdraglevelofthecircularscoop-inletmodelwas
47percentgreaterthanthebasicbodydrag.Thisdragdifferencewas
~eaterthantheincreasein skin-frictiondragassociatedwiththe
largerwettedarea.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August10,1955,

.,.
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TABLEI.-EODYCOORDINATES

k dimensionsininchesl
L

Basicbody(ref.1)

x

o
1.00
2.00
3.00
4.00
5.00
7.00

10.00
15.00
20.00
25.20
30.80
35.47
41.07
46.67
49.47
56.00
60.go
65.68“

r

o
.27
●53
.78
1.02
1.25
1.67
2.23
2.93
3.35
3.50
3.45
3.34
3.14
2.84
2.65
2.15
1.68
1.16

J

Scoop-inletbody

x

o
l.(x)
2.00
3.00
4.00
5.00
7.00

10.00
15.00
20.00
25.20
39.20
44.80
49.47
55.07
60.67
63.47
70.00
74.90
76.30

r

o-
.27
●53
.78

1.02
1.25
1.67
2.23
2.93
3.35
3.50
3.50
3.45
3.34
3.14
2.84
2.65
2.15
1.6!3
1.53

&
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Figure 1.- General emmngement of mxiele. (All din=nslona are in Inches.)
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Semicircularscoopinlet “L-83499.1

(a) Generalviews.

Figure3.- Photographsofmcd.els.
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I

Circulsx scoopinlet

\

,

8

I

L ‘ -AdfrE-----..:-:._—_=.:.-.
semi.circuhr SCOOPuet

(b)Closeup of

Figure

8

L-8504T.1

—-

L-83500.1

SCOOP inlet,3/4front.

3.- Continued.
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Figure5.- VariationofReynoldsnumber,basedonbodymaximumdiameter,
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Figure 6.- Concluded.
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